Abstract The aim was to study the association between paternal mental health and physically aggressive behavior in children. This study is based on 19,580 father-child dyads from the Norwegian Mother and Child Cohort Study (MoBa). Fathers' mental health was assessed by self-report (Symptom Checklist-5, SCL-5) in week 17 or 18 of gestation. Children's behavior (hitting others) was obtained by mothers' reports. A multinomial logistic regression model was performed. Expectant fathers' high level of psychological distress was found to be a significant risk factor only for girls hitting, adjusted OR = 1.46 (1.01-2.12), p = 0.043, but not for boys. High levels of mental distress in fathers predict their daughters' hitting at 5 years of age.
Introduction
Knowledge about the developmental trajectory of physically aggressive behavior in preschool-aged children is limited [41] . Longitudinal studies indicate that physically aggressive behavior in children is common in the first year of life and then, for most children, declines in the preschool years [2, 41] . However, for a small group of children, physically aggressive behavior persists into adolescence [7, 41] . Only a small group of children, an estimated 4 %, continues to use physically aggressive behavior throughout childhood [23] . Other studies have found that, in some children (17 %), high and stable physically aggressive behavior persists into adolescence [7] . Children who show high levels of physically aggressive behavior during early childhood are more at risk for externalizing and internalizing problems and for developing psychiatric disorders later in life [6] . Studies have also found sex differences in physically aggressive behavior in children that emerge in preschool years. These studies indicate that boys show more physically aggressive behavior than girls [2, 7, 40, 41] . Further, high risk of physically aggressive behavior is predicted by the presence of a same-age sibling, maternal and paternal mental distress, and difficult child temperament [24] .
Earlier studies have looked at the frequency and trajectories of physically aggressive behavior in young children. In a population-based study (N = 572), Tremblay et al. [41] identified three trajectories of physically aggressive behavior based on the frequency of behavior such as biting, hitting, kicking, bullying and fighting in children at 17, 30 and 42 months of age [41] . The largest group followed a developmental trajectory of modestly aggressive behavior (58 %).The second largest group was composed of children who displayed little or no physical aggression at all observation points (28 %) and the third and smallest group followed a trajectory of increasingly high physical aggression (14 %). Patterns of aggressive trajectories similar to those reported in Tremblay's study [41] have been confirmed in later studies [2, 24] .
We need more knowledge about why physically aggressive behavior persists from early childhood into adolescence in some children but not in others [23] to prevent development of mental health problems later in life [7] . Some argue that both genetic and environmental factors influence physically aggressive behavior [8, 39] . Studies of the genetic influences have found that half of the variation in aggressive behavior, behavior disorders and crime can be attributed to genetics [33] . Environmental factors, such as growing up in a low-income family and having parents with marital conflicts, are related to high trajectories of physical aggression in children [41] . Other studies have found an association between expectant fathers' mental distress and children's behavioral, emotional and social functioning [31] . In addition, disengaged interaction between fathers and their 3-month-old children predicted behavior problems when the children reached 1 year old [32] . If early indicators of later persistence of physically aggressive behavior can be identified, then methods for early focused preventive interventions can be established, to reduce the negative consequences for the individual child, families, peers and society.
This study aims first to investigate the risk that psychological distress in expectant fathers represents for children hitting others at 5 years of age. Second, to assess the prevalence of physically aggressive behavior (defined as hitting others) in a large preschool-aged population of children, at 18 months, 3 and 5 years of age, and to explore whether there are gender differences in the prevalence of hitting among children.
Methods

Participants
This study is based on data from the Norwegian Mother and Child Cohort Study (MoBa) conducted by the Norwegian Institute of Public Health. MoBa is a prospective population-based pregnancy cohort study. Participants were recruited from across Norway from 1999 to 2008, and 39 % of the women who were invited consented to participate [21] . The cohort now includes (as of October 2012) 109,000 children, 91,000 mothers, and 71,700 fathers.
The current study is based on version V, April 2010, of the quality-assured data files released for research. Informed consent was obtained from each MoBa participant upon recruitment. This study was approved by the Regional Committee for Medical and Health Research Ethics, Health Region South-Eastern Norway, on 18 February, 2011.
To be included, each family was required to provide the following information: the mothers' questionnaire at 17 or 18 weeks of gestation, the fathers' questionnaire at 17 or 18 weeks of gestation, and the mothers' report concerning the children at 18 months, 3 years and 5 years of age. There were a total of 20,155 completed questionnaires for these points of measurement, which translates to N = 19,580 father-child dyads. This means that missing data were not replaced, and the study sample was comprised only of dyads of fathers and children with completed data (list-wise deletion) [43] .This treatment of missing values was selected due to the large sample size with relatively low missing rates.
Measures
Predictor variables
Symptom Checklist-5 (SCL-5) The SCL-5 is an indicator of global mental distress that has been used as a screening measure of psychological distress in several studies [9, 17, 36, 38] . The SCL-5 has five items: (1) Feeling fearful, (2) Nervousness or shakiness inside, (3) Feeling hopeless about the future, (4) Feeling blue and (5) Worrying too much about things. Each of the five items is scored on a scale of 1-4, depending on how bothered the participants have been in that area in the 14 days prior to the time of self-report: 1 = not bothered, 2 = a little bothered, 3 = quite bothered, and 4 = very bothered. The checklist mainly screens for symptoms of anxiety and depression [37] . SCL-5 correlates highly with SCL-25 (Person's correlation = 0.92). The recommended cut-off on the SCL-5 total mean score, indicating distress at case-level, is 2.00.
Of the N = 20,155 fathers in the total sample, N = 153 (1 %) had missing information on one or more items of the SCL-5. Fathers with missing items were excluded from the analysis leaving N = 20,002 fathers with valid SCL-5 scores. The fathers' mean score was (M) = 1.12, with a standard deviation (SD) = 0.28, range; min = 1 max = 4. The SCL-5 score was dichotomized at the recommended raw score of 2.00, and a score [2.00 indicates ''case-ness'' [36] .
Of the 20,155 mothers in the total sample, seven (0.03 %) had missing information on the SCL-5. The mothers' mean score was M = 1.27, with standard deviation SD = 0.33, range; min = 1, max = 4.
Outcome variables
Child Behavioral Checklist Revised (CBCL-R) The CBCL is a standardized adult-report instrument used to assess a broad array of manifestations of internalized and externalized psychopathology in children from one and a half to five years of age [1, 27] . The instrument contains 100 items rated on a three-point scale: 0 = not true, 1 = somewhat or sometimes true, 2 = very true/often true. One of the items from this scale, ''Hits others'', is used as an outcome variable in the analysis below. The frequency of children's hitting at 18 months, 3 years and 5 years of age is presented for the total sample as well as for boys and girls separately in Table 2 .
The variable was dichotomized with children hitting others reported as ''sometimes true'' and ''often true'' in one category and ''not true'' in the other. Children with missing information on this item (N = 326) were excluded from the analysis. Thus, in the present analysis, the study sample includes 19,580 father-child dyads. The dichotomized variables representing hitting at 18 months, 3 years and 5 years of age were then operationalized into one outcome variable with three different levels: Never hits (reference category), N = 7,533 (39 %), stopped hitting before 5 years of age, N = 8,911 (46 %), and hitting at 5 years of age (all children hitting at 5 years of age), N = 3,136 (16 %).
Covariates included in the analyses
The following socio-demographic characteristics as reported by fathers at week 17 or 18 of gestation were included in the analyses: fathers' age, level of education, marital status, self-reported somatic health problems (including diabetes, cancer, cardiovascular disease, epilepsy, neck/ shoulder/lower back pain, high blood pressure, ankylosing spondylitis/rheumatoid arthritis) and other long-term physical illness (yes/no), and lifestyle variables such as cigarette smoking (yes/no) and use of alcohol (never/seldom, 1-4 times/month, 2-7 times/week) ( Table 1) .
Mothers' mental health was measured by the Symptom Checklist-5 (SCL-5) and fathers' relationship satisfaction was measured by the Marital Satisfaction Scale (MSS). Children's language skills at 3 and 5 years were measured by two items from the Ages and Stages Questionnaire (ASQ). In addition, the mothers reported on siblings in the family and if they were living with the father. (5) We agree about how children should be raised. Each of the items was scored on a six-point scale; 6 = totally agree, 5 = agree, 4 = slightly agree, 3 = slightly disagree, 2 = disagree, 1 = totally disagree. The negatively worded item (N = 1) was inverse-scaled and a summary scale was computed by adding up item scores. Higher scores on the summary scale indicated a more positive relationship with the spouse. Internal scale consistency as assessed by Cronbach's alpha for fathers' MSS was 0.71, M = 26.34, SD = 3.17 and range = 25.
Children's language skills We have also included two items form the Ages and Stages Questionnaire (ASQ) as covariates because others have found that children's language skills at 5 years of age are a significant predictor of physical aggressive behavior [2] .
The Ages and Stages Questionnaire (ASQ) is a screening instrument for child development from 4 to 60 months of age based on parents' report [35] . It contains 30 items, with each item scored on a three-point scale: 1 = yes, 2 = few times, 3 = not yet. Two items were used in the present analyses: ''Without giving him/her help by pointing or using gestures'', ask your child to ''Put the shoe on the table'' and ''Put the book under the chair''. Does your child carry out both of these directions correctly? (impressive language skill). ''Can your child tell you at least two things about an object he/she is familiar with?'' If you say, for example, ''Tell me about your ball'', will your child answer by saying something like ''It is round, I can throw it, it is big''? (expressive language skill). Descriptive statistics of children's language skills at 5 years of age are shown in Table 2 .
Siblings in the family One question included as adjustment variable, asked how many siblings there were in the family when the child was 5 years of age: No siblings in the family; N = 17,977 (89 %); one sibling N = 314 (2 %); two children N = 1,043 (5 %); three children N = 613 (3 %); four or more children N = 208 (1 %).
Living with father We also included one question asking if the mother was living with the father when the child was 5 years of age: yes, N = 18,278; no, N = 1,579; if the mother has never lived with the father, N = 226; and missing information, N = 72.
Statistical analyses
To explore the predictive value of fathers' psychological distress during their partner's pregnancy for future hitting behavior in their children, we used a multinomial logistic regression model with fathers' SCL-5 dichotomized at cutoff 2.00 as the predictor variable and children's hitting at 18 months, 3 years and 5 years of age operationalized as an outcome variable with three different levels (never hit others, stopped hitting before 5 years, and hitting at 5 years of age). All analyses were adjusted for fathers' age, education, somatic health, marital status, and lifestyle variables such as cigarette smoking and use of alcohol, as well as mothers' psychological distress (SCL-5), fathers' marital satisfaction (MSS), children's language skills at 5 years of age (ASQ), siblings present in the family, and whether the child was living with the father (separate adjustments), as these variables could confound the relationship studied. Tests were two tailed with the significance level set at p \ 0.05. All analyses were conducted using SPSS PASW 18.0 for Windows.
Results
Socio-demographic and clinical characteristics of fathers in the total sample (N = 20,155) are presented in Table 1 .
At 5 years of age, around 16 % of the children in this population-based sample still showed physically aggressive behavior. The boys in this sample hit others significantly more often as compared to the girls at both 18 months and 3 years of age, but not at 5 years of age (Table 2 ; Fig. 1 ).
In the multinomial logistic regression model with fathers' SCL-5 as predictor and the outcome variable with three categories representing children's hitting, we found a significantly higher crude risk of children hitting at 5 years of age when expectant fathers reported high level of psychological distress; odds ratio (OR) = 1.34, 95 % confidence interval (CI) = 1.05-1.72, p = 0.019. After adjustment for the covariates, this increased risk was no longer significant; fully adjusted OR = 1.24, 95 % CI 0.96-1.60, p = 0.100 (Table 3) . However, when the sample was stratified for gender, there was a significant higher risk of girls hitting at 5 years of age when the fathers reported high level of psychological distress, adjusted OR = 1.46 (95 % CI 1.01-2.12), p = 0.043; but not for boys, adjusted OR = 0.1.03 (95 % CI 0.72-1.47), p = 0.860.
In the separate adjustments, the covariates representing children's language function lead to a large increase in OR for hitting others. The OR for hitting others at 5 years in the total sample was OR = 1.78 (95 % CI 1.53-2.08), p = 0.000 and OR = 1.87 (95 % CI 1.68-2.09), p = 0.000, respectively, when adjusted for expressive and impressive language function.
Adjustment for fathers' MSS lead to an attenuation of risk for hitting at age five, adjusted OR = 0.98 (95 % CI 0.96-0.99), p = 0.001. Also, when controlling for the variable of living with the father, the OR decreased, adjusted OR = 0.80 (95 % CI 0.71-0.90), p = 0.000.
Discussion
In the crude analysis, high level of psychological distress in expectant fathers predicted an increased risk of their 5-year-old children hitting others, as compared to children who never hit others. However, after adjustment for confounding variables, a significant risk for hitting at 5 years of age was only found for the 5-year-old girls. Adjustment for fathers' marital satisfaction led to an attenuation of OR for the risk that expectant fathers' high-level psychological distress represented for children hitting others at 5 years of age. Further, and interestingly, adjustment for children's language skills led to an increased risk for hitting others, suggesting that language function was a suppressor in the relationship between fathers' mental distress and children's hitting behavior 5 years later.
Fathers' mental health and physical aggression in their children
To our knowledge, the present study is the first to detect a risk associated with high levels of psychological distress in expectant fathers for their preschool-aged children's physically aggressive behavior. The risk attenuated when confounders were controlled for: however, in the fully adjusted model, there was a significant risk for the girls in this sample. Earlier studies have found an association between psychological distress among expectant fathers and later behavioral, emotional, and social difficulties in their children [19, 31] . The association found between fathers' mental health and their children's developmental difficulties may indicate either that the risk is genetically transmitted [42] , or that the fathers' mental health affects the mothers' distress level in pregnancy, thus possible affecting the fetus [10] , or that the care of the child after birth is detrimentally affected by the fathers' mental distress [22] . Other studies found that both fathers' and mothers' prenatal depression is a significant predictor of their postnatal mood [22] , that parents' mental health in the postnatal period affects their parenting [20, 28, 29] , and that early father-infant interaction at 3 months predicts behavioral problems in 1-year-old children [32] . All of these findings point to the importance of focusing on expectant fathers' mental health and the opportunity for preventive interventions in expectant families that exhibit psychological difficulties in pregnancy. In this study, we found that the effect of high level distress in fathers on children's regulation and control of physically aggressive behavior was only apparent at 5 years of age, the stage at which most children have learned to control their aggressive behavior and use other conflict resolution strategies. The finding in the present study, that 16 % of the children use hitting behavior in their interaction with others and that fathers' psychological distress represents a risk for this behavior in their 5-year-old daughters, is an important one, offering new information for the field of early onset behavioral difficulties in childhood.
In the present study, adjustment for fathers' marital satisfaction led to an attenuation of OR to below 1.00 for the risk that expectant fathers' high-level psychological distress represented for children at 5 years of age to hit others. This suggests that fathers' marital satisfaction is a strong confounder in the relationship between fathers' mental distress and hitting, which is in accordance with Hanington et al. [14] , who also found that antenatal parental depression and marital conflict have a negative impact on child behavioral outcomes. In their study, marital conflict acted as an independent risk for adverse outcome and partly mediated the relationship between postnatal depression in both mothers and fathers and child outcome. The fact that fathers' high marital satisfaction overrode the effect of fathers' mental health on children's hitting in the present study also suggests that marital satisfaction has a strong, and possibly independent effect on children's hitting behavior. In line with these finding are also the finding of Tremblay et al. [41] who showed that parents who have difficulties living together had an increased risk of physically aggressive children.
Further, the increased OR for hitting, after adjustment for children's language development, suggests that children's language development has a suppressor effect in the relationship between fathers' mental distress and hitting behavior. This means that the predictive power of fathers' mental distress in pregnancy for hitting behavior is actually stronger than what was observed in the crude analysis. The finding that language skills impact hitting behavior is in line with earlier studies [2, 8] . Dionne et al. [8] stated that there is a high comorbidity between language development and a variety of disruptive behaviors in preschool-aged children. They found that language skills and aggression were each influenced by genetic or environmental factors, and environmental factors were found to have a greater impact on language skills.
Prevalence of hitting
The frequency of children who never hit others in the total sample was 65 % at 18 months, 62 % at 3 years, and 83 % at 5 years of age in our study, whereas Tremblay et al. [41] found that only 28 % of children displayed little or no physical aggression from 17 to 42 months of age. One of the limitations in our sample was the moderate participation rate, and Nilsen et al. [25] conclude that the prevalence estimates of exposure and outcomes are biased because of self-selection in MoBa. The MoBa participants have been found to be healthier and to have a somewhat higher level of education than the general Norwegian population [34] ; this possibly explains the lower frequency of hitting in our sample as compared to the sample used by Tremblay et al. [41] . Furthermore, in our study, physically aggressive behavior was measured as children hitting others, whereas in Tremblay's sample physically aggressive behavior included hitting, kicking, biting, bullying, and fighting others. The fact that Tremblay et al. used a broad definition and a higher number of indicators to measure aggressive behavior than our study, may explain the higher prevalence of such behavior in their study. Further, cultural differences may also affect the frequency of physically aggressive behavior in children, which could explain the differences between Tremblay's Canadian and our Norwegian sample. A possible cultural difference was also found in a study that compared questionnaire data from population surveys in Norway and Britain. In this study, the researchers found that the Norwegian questionnaire scores for externalizing problems in children were lower than the British scores, reflecting substantial differences between the two countries concerning parents' reports on questionnaires about their children's behavior [16] .
Gender issues
Boys in this sample hit others significantly more often compared with girls at both 18 months and 3 years of age, but not at 5 years of age (Fig. 1 ).There were no significant differences in language skills between boys and girls. Furthermore, when the sample was stratified for gender, fathers' mental health was found to be a significant risk only for girls' hitting behavior at 5 years of age. In an earlier study, we found that there was a consistent association between fathers' psychological distress in pregnancy and the children's behavioral, emotional, and social functioning at 3 years of age. However, gender did not affect the association at this age [19] . Previous studies have found evidence of only minor gender differences in physically aggressive behavior in the youngest children (under 2 years old), and that gender differences in externalizing behavior emerge between ages 4 and 5 years, with higher rates of externalizing behavior among boys than girls [5, 18] . By school entry, boys tend to exhibit a rate of externalizing problems up to ten times that of girls [7] . Keenan and Shaw [18] tested two hypotheses about mechanisms that might explain the gender differences in problem behavior emerging between the ages of 4 and 5. The researchers found moderate support for the hypothesis that the gender differences result from different, gender-specific socialization practices, but also for the hypothesis that girls undergo a more rapid change in biological, cognitive and social development than boys and thus learn to inhibit aggressive behavior earlier in childhood than the boys [18] . However, a population-based sample of 17-month-old children (N = 2,940) found no support for the socialization hypotheses; 5 % of boys and only 1 % of girls frequently manifested physically aggressive behavior, and further found no support for a change in magnitude of these differences between 17 and 29 months old [3] . The lack of differences in hitting behavior at age 5 between boys and girls in our sample was unexpected given these earlier findings. One can speculate whether our results can be explained by cultural differences in parenting and socialization, for instance in kindergarten, because gender equality and equality in parenting of boys and girls have gained ascendance in Norwegian culture over the past 30 years, and as well, paternal leave and involvement in early childcare can have an impact on parenting and gender issues in early childhood development.
Surprisingly, when the sample was stratified for gender, fathers' mental health was found to be a significant risk only in girls' hitting behavior at age 5. This finding conflicts with earlier findings [30] that boys are more vulnerable to the effect of paternal depression than girls. However, other studies have also found that a lack involved parenting by fathers has an impact, especially on girls as they reach adolescence [12] . These findings are more in line with our finding of a prospective association between psychological distress in fathers and increased hitting in girls at age 5. These divergent findings of gender differences in the impact of paternal psychological distress on children's development warrant further investigation. Other explanations of these gender differences, i.e., the finding that girls seemingly were more vulnerable to fathers' psychological distress, like traumatic events or abuse in the families, have not been able to explore here as the MoBa study does not provide information on these issues.
Strengths and limitations of this study
One of the major strengths of this study is that it is population based with a large sample size and as such has statistical power to detect even small effects. By testing the association between fathers' mental health and their children's development in a large population sample, the serious selection biases that are commonly found in clinical studies have largely been avoided. The prospective design of the study and fathers' psychological distress in pregnancy as a predictor, make a child-to-parent effect less likely to be the cause of the effect found. Rather, the associations we found represent evidence for parent-tochild directionality.
A weakness of this study is the modest participation rate, which was 39 %. Low participation rates may lead to selection biases because study participants may differ from non-participants in ways that are not random with respect to exposure [26] . In the Tromsø Health Study [15] , the attendance rates were 20 % lower for men and women with psychiatric illness; the authors concluded that in health population studies, this inclusion bias might lead to an underestimation of the prevalence of psychiatric conditions in the population. Nilsen et al. [25] conducted a study in which they compared data from the MoBa with information from the Medical Birth Registry for Norway (all women giving birth in Norway) and concluded that the prevalence estimates of exposure and outcome, but not the exposure-outcome associations, are biased due to selfselection in the MoBa. Non-participation may thus affect the general applicability of the findings, but not the validity of the associations found.
Moreover, the measures of the predictor variables were self-reported and the outcome variables of children's development were based on mothers' reports, which constitute additional weaknesses in this study. The use of selfreport scales may be affected by rater bias. However, the predictor variable was the fathers' report and the report on the outcome variable was the mothers' report. In addition, previous studies have shown that parental reports on their children are highly reflective of ''genuine'' problems [11, 13] .
We chose to measure hitting as outcome variable because it is a concrete type of physically aggressive behavior, which makes it relatively easy for the parents to discern and quantify. This increases the reliability of the parents' reports [2] .
The lack of postnatal information about fathers' psychological distress in the MoBa study, limits the ability to draw causal interferences about the effects of fathers' prenatal psychological distress on their children's physically aggressive behavior.
Conclusion
Around 16 % of the children in this population-based study still used physically aggressive behavior, defined as hitting others, at 5 years of age. High-level psychological distress in expectant fathers predicted an increased risk of hitting in their children at this age. However, this increased risk of hitting behavior was explained by confounding variables, and when stratified for gender, a significantly increased risk was only found for girls at 5 years of age. Based on these findings, we conclude that there is a need for further studies about the risk factors involved in the development of physically aggressive behavior in childhood and the risk such behavior may represent for children's further development. However, the finding that fathers' mental health during pregnancy represents a risk of later aggression in children suggests that future health planning and research studies should be focused on early detection and prevention.
